I. INTRODUCTION
R ECENTLY, due to the large magnetocrystalline anisotropy of the ordered tetragonal L1 FePt phase, FePt thin films have drawn considerable attention as a potential high-density magnetic recording material. It has been reported that L1 FePt thin films can be directly formed on MgO single crystal substrates by molecular beam epitaxy (MBE) [1] , sputter-deposition [2] as well as by annealing Fe/Pt multilayers [3] . In this work, in situ ordering of the FePt thin films deposited at elevated temperature on Ag layers has been demonstrated. In situ ordering of the FePt films is partially induced by the small lattice misfits (5.2%) of the FePt (100)/Ag (100) planes. Single crystal Si (100) substrates were used to induce epitaxial growth of the Ag(100) thin film based on the orientational relationship of Ag(001) [110] Si(001) [110] as reported by Yang et al. [4] . Moreover, our previous study [5] has shown that Mn Si can grow epitaxially on a Ag thin film, and here it is observed that both Ag/Si and Ag/Mn Si/Ag/Si templates can be used to obtain in situ ordered FePt thin films. In order to further understand the in situ ordering, the microstructural and magnetic properties of thin films grown on these two templates were investigated.
II. EXPERIMENTS
The FePt/Ag and FePt/Ag/Mn Si/Ag films were deposited on single crystal Si(100) substrates by RF diode sputtering in a Leybold-Heraeus Z-400 system. To remove the oxide layers, the Si (100) substrates were hydrofluoric acid (HF)-etched [4] .
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Publisher Item Identifier S 0018-9464(00)08863-4. The base pressure was torr. The atomic composition of the FePt film deposited from a composite target was measured by X-ray fluorescence to be Fe Pt . The Ag and Mn Si films were deposited at 300 C with a fixed argon pressure of 10 mtorr, RF power density of 2.3 W/cm and 6.9 W/cm , respectively. The FePt magnetic layers were deposited at sputtering power density of 0.5 W/cm , 300 C, and 2.5 mtorr. The thickness of FePt and Mn Si films was fixed at 30 nm and 400 nm, respectively. The Ag thickness was varied. The orientational relationships of these thin films were studied by Rigaku X-ray diffractometer with Cu K radiation as well as with a Philips EM 420T transmission electron microscope (TEM). The magnetic properties of the thin films were measured using an alternating gradient magnetometer (AGM) with fields up to 13 KOe.
III. RESULTS AND DISCUSSIONS
The TEM selected area diffraction (SAD) patterns and the simulated patterns of the 30 nm FePt deposited onto the 10 nm and 175 nm Ag underlayers are presented in Fig. 1 FePt (001)-oriented grains. On the other hand, the L1 FePt 001 reflections are due to either the (100) or (010)-oriented grains. The absence of the L1 FePt 110 reflection in the FePt/Ag (10 nm) thin film shows that this FePt thin film has -axes oriented in the thin film plane. The FePt/Ag (175 nm) thin film has its -axes both parallel and perpendicular to the thin film plane because both the 110 and 001 reflections are observed in Fig. 1(a) . Four L1 FePt 001 reflections are observed at these two Ag thickness, indicating the presence of the (100) and (010) oriented L1 grains. The L1 FePt superlattice reflection intensity of the FePt/Ag (10 nm) thin film is weaker than that of the FePt/Ag (100 nm) thin film. This suggests that the FePt deposited onto the 10 nm Ag underlayer is less ordered than that deposited onto the 175 nm thick Ag layer.
The overlap of the FePt and Ag (002) reflections in the diffraction pattern indicates a small lattice misfit between the FePt (001) and Ag (001) planes. In addition, the FePt L1 ordered and fcc disordered reflections can not be distinguished in Fig. 1 . This shows that the lattice parameter values of these two phases are very close. The reflections marked as X in the simulated diffraction pattern are due to the double diffraction phenomena.
A TEM bright-field images of the FePt(30 nm)/Ag(175 nm) and FePt(30 nm)/Ag(10 nm) thin film are shown in Fig. 2 . The FePt/Ag(10 nm) film reveals a particle-like microstructure. This results from the microstructure of the Ag underlayer which may be due to the incomplete wetting on the substrate. We believe thin Ag forms 3D islands on the substrate to cause the FePt deposits onto the Ag islands forming paticle-like microstructure. For the thicker Ag films, the islands start to touch each other and form a continuous film. Therefore, the FePt thin film deposited onto the 175 nm Ag underlayer is a more continuous thin film.
The X-ray diffraction spectra of the 30 nm FePt film deposited at the Ag underlayers of various thickness are shown in Fig. 3(a) . At thin Ag thickness (10 nm), the L1 FePt 001 peak is not observed. Based on the observation on the TEM SAD pattern (Fig. 2(b) ), the absence of the L1 FePt 001 peak is attributed to the lack of (001)-oriented FePt grains on the 10 nm Ag underlayer.
As the Ag thickness increases to 100 nm, the L1 FePt 001 X-ray peak starts to appear, indicating that some L1 FePt (001)-oriented grains have formed. Comparing the positions of the L1 FePt 001 peaks for the films with 100 nm and 175 nm Ag, the 175 nm Ag has the L1 FePt 001 peak shifted to a higher angle. In addition, the X-ray peak between 46 and 50 shifts to higher angles as the Ag thickness increases. At the Ag thickness of 100 nm, the peak between 46 and 50 splits into two peaks, as shown in Fig. 2(a) . Assuming the lattice parameter of a axis of disordered and ordered FePt are about the same, the peak between 46 and 50 can be deconvoluted as the L1 FePt 200 and 002 peaks in Fig. 3(b) . The peak position of the FePt 002 peak is fixed at 48.32 as deduced from the peak position of the FePt 001. The peak position of the FePt 200 after deconvolution is calculated as 47.50 . At the Ag thickness of 175 nm, the broad peak between 46 and 50 is composed of two peaks and can again be deconvoluted into the L1 FePt 200 and 002 peaks as shown in Fig. 3(c) . The positions of the L1 FePt 200 and 002 peaks are 48.15 and 49.16 , respectively. Hence, the shift of the peak located between 46 and 50 is due to the shift of the L1 FePt 002 and 200 peaks. This indicates that the measured FePt lattice parameters are smaller for the thicker Ag underlayer. The ratio of the L1 FePt, calculated from the deconvoluted FePt 002 and 200 peak positions, also decreases from 0.984 to 0.981 as the Ag underlayer thickness increases from 100 nm to 175 nm. The decreasing lattice parameters of the and axes along with the reduced ratio, also indicates that ordering of the L1 FePt thin films is enhanced by the increased Ag underlayer thickness. This could be due to microstructural changes of Ag underlayer, as shown in Fig. 2 . The in-plane and perpendicular magnetic hysteresis loops are shown in Fig. 5 . The coercivities for both orientations are higher for FePt(30 nm)/Ag(175 nm) film than those of the FePt(30 nm)/Ag(10 nm) film. As observed, the thicker Ag film produces a smoother and more continuous surface for the FePt film to grow on. Hence, the FePt films should be more exchange coupled. Also, the L1 phase is more predominant for the continuous Ag underlayers. Hence, with thicker Ag, the FePt films should become more exchange coupled, but each grain should have a significantly higher anisotropy. Hence, the thicker Ag underlayer should produce a film with higher coercivity. Compared with FePt/Ag (175 nm) film, the FePt/Ag (10 nm) film shows lower in-plane coercivity due to more disordered phase. Domain wall motion is dominant. Likewise reversible rotation of the magnetization vector is observed when the magnetic field is applied perpendicular to the film plane. This is indicated by the rounded magnetization curve shoulders of the perpendicular hysteresis loop. The open loop coercivity is most likely due to the granular nature of the film and probably represents a regime of wall motion. For the films grown on the thicker Ag, the -axis is more equally distributed along the three cubic axes and so the difference between the in-plane and perpendicular magnetic properties is less pronounced. On the other hand, the in-plane and perpendicular coercivity of the FePt(30 nm)/Ag(100 nm)/Mn Si(400 nm)/Ag(75 nm) film is lower than that of the FePt/Ag(175 nm). This may be due to the appearance of the stacking faults in the FePt/Ag/Mn Si/Ag film, which has lowered the magneto-crystalline anisotropy energy of the film and reduced coercivity.
IV. CONCLUSION
As the Ag underlayer thickness increases, the Ag microstructure changes from island like to continuous. This results in a change of the microstructural and magnetic properties of the FePt films. The axes of the L1 FePt film deposited onto the 10 nm Ag underlayer are oriented in the film plane. As the Ag thickness increases, the volume fraction of the L1 FePt (001)-oriented grains increases. In addition, the FePt thin film deposited onto the thicker Ag underlayer is more ordered. Compared with the Ag/Si(100) templates, the FePt thin film deposited onto the Ag/Mn Si/Ag/Si(001) template are more (001) oriented.
